Abstract: Necessary and sufficient conditions for the reachability and observability of the positive electrical circuits composed of resistors, coils, condensators and voltage sources are established. Definitions of the input-decoupling zeros, output-decoupling zeros and input-output decoupling zeros of the positive electrical circuits are proposed. Some properties of the decoupling zeros of positive electrical circuits are discussed.
Introduction
In positive systems inputs, state variables and outputs take only non-negative values. Examples of positive systems are industrial processes involving chemical reactors, heat exchangers and distillation columns, storage systems, compartmental systems, water and atmospheric pollution models. A variety of models having positive linear behavior can be found in engineering, management science, economics, social sciences, biology and medicine, etc. An overview of state of the art in positive linear theory is given in the monographs [2, 3] .
The notions of controllability and observability and the decomposition of linear systems have been introduced by Kalman [9, 10] . Those notions are the basic concepts of the modern control theory [1, 2, 4, 8, 12, 16] . They have been also extended to positive linear systems [2, 3, 17] .
The positivity and reachability to fractional electrical circuits have been investigated in [7] . The decomposition of positive discrete-time linear systems has been addressed in [5] . The notion of the decoupling zeros of standard linear systems have been introduced by Rosenbrock [11, 12] . The zeros of linear standard system have been addressed in [15] and zeros of positive continuous-time and discrete-time linear systems has been defined in [13, 14] . The decoupling zeros of positive discrete-time linear systems has been introduced in [6] .
In this paper the notions of the decoupling zeros will be extended for positive electrical circuits.
The paper is organized as follows. In Section 2 the basic definitions and theorems concerning reachability and observability of positive electrical circuits are given. The decomposition of the pair (A, B) and (A, C) of positive electrical circuits is addressed in Section 3. The main result of the paper is given in Section 4 where the definitions of the decoupling zeros of positive electrical circuits are proposed. Concluding remarks are given in Section 5.
The following notation will be used: ℜ -the set of real numbers, 
Reachability and observability of positive electrical circuits

Reachability of positive electrical circuits
Consider the linear continuous-time electrical circuit described by the equations
are the state, input and output vectors and , is also monomial and (2.10) has n linearly independent monomial columns and this takes place only if the matrix [B, A] contains n linearly independent columns [3] . Note that for the nonnegative ), should include an n n × monomial matrix [17] . Now let us consider n-mesh electrical circuits with given resistances , ,..., 
The electrical circuit is positive since the matrix A is Metzler and the matrix B has nonnegative entries. Note that the standard pair (2.13b) is reachable since . 0 det ≠ B We shall show that the positive electrical circuit is reachable if .
and
From (2.3) we obtain The matrix (2.14) is monomial and by Theorem 2.2 the positive electrical circuit is reachable if .
Observability of positive electrical circuits
Consider a positive electrical circuit described by the state equations 
it is possible to find the initial values is diagonal and the matrix
has n linearly independent monomial rows. Figure 2 .2 with given conductances Proof is given in [7] . Note that the standard electrical circuit shown in Figure 2 
Proof. Substituting of the solution
, C C and source voltages . , 2 1 e e Using the Kirchhoff's laws we can write the equations 
Taking into account that the matrix 
From (2.30) it follows that A is Metzler matrix and the matrix B has nonnegative entries. Therefore, the electrical circuit is positive for all values of the conductances and capacitances.
Decomposition of the pairs (A, B) and (A, C)
Decomposition of the pair (A, B)
Consider the pair (A, B) with A being diagonal It will be shown that in this case the pair can be decomposed into the reachable pair ) , ( 
and source voltages . , 3 1 e e Using the Kirchhoff's laws we can write the equations 
which can be written in the form and we obtain 
The reachable pair ) , ( 
Decomposition of the pair (A, C)
Let the observability matrix ..., , 1 1 + = (3.9) are satisfied then there exists the monomial matrix [5, 6] 
are some natural numbers. 
where the pair ) , ( (3.12) In this case the observability matrix 
Decoupling zeros of the positive electrical circuits
It is well-known [12] that for standard linear systems the input-decupling zeros are the eigenvalues of the matrix 2 A of the unreachable (uncontrollable) part ). 0 , (
In a similar way we will define the input-decoupling zeros of the positive electrical circuits. Note that the input-decoupling zero corresponds to the mesh without the source voltage (e 2 = 0).
For standard continuous-time linear systems the output-decoupling zeros are defined as the eigenvalues of the matrix of the unobservable part of the system. In a similar way we will define the output-decoupling zeros of the positive electrical circuits. The list of input-output decoupling zeros will be denoted by }. ,..., , { 
Concluding remarks
New necessary and sufficient conditions for the reachability and observability of the positive linear electrical circuits have been established. The definitions of the input-decoupling zeros, output-decoupling zeros and input-output decoupling zeros of the positive electrical circuits have been proposed. Some properties of the new decoupling zeros have been discussed. The considerations have been illustrated by numerical examples of positive electrical circuits (systems) composed of resistors, coils and voltage source. An open problem is an extension of these considerations to fractional discrete-time and continuous-time positive linear systems and fractional electrical circuits.
